Epicuticular waxes (EW) are important for plant physiology as a protective barrier against water loss. Thus, the main goal of this study was to evaluate the ecophysiological performance of Cynophalla flexuosa, an evergreen woody species, under different foliar EW contents. The study was conducted during three periods throughout the year in a seasonally dry tropical forest area. The xylem water potential decreased to 70% at midday. The main EW components were n-alkane chains, effective in keeping the cuticle impermeability. We analyzed intact leaves and leaves with EW removed. C. flexuosa did not alter its photosynthetic performance throughout the day in leaves where EW was removed, except under the lowest soil water balance. Furthermore, foliar biochemical metabolism activity also was maintained. Thus, photochemical and gas-exchange values showed a high resilience, although soil water availability decreased. These findings highlight that this evergreen woody species performed under semiarid conditions with high foliar dynamic traits.
Introduction
Cuticular wax is important for gas exchange in plants of semiarid regions (Figueiredo et al. 2012 (Figueiredo et al. , 2015 Medeiros et al. 2017) . The previous studies, under semiarid conditions, were focused on dominant deciduous plants phenology, which is the main mechanism of escape during dry seasons Markesteijn 2008, Lima et al. 2012) . On the other hand, there are few evergreen species with sufficient ability to maintain their leaves throughout the dry season without any significant precipitation (Diego et al. 2012 , Tomlinson et al. 2013 , Santos et al. 2014 , Morales et al. 2015 , Skelton et al. 2017 .
The main mechanisms of drought tolerance for most plants are escape or avoidance. The latter mechanism could keep a high water potential in some species, while others species would tolerate decreasing water potential (Kramer and Boyer 1995) . Thus, the evergreen woody species from seasonal dry tropical forest can maintain their water status and consequent survival during periods of low water availability through the relationship among physiological, anatomical, and morphological traits (Lima et al. 2012 , Skelton et al. 2017 . Among these traits, a cuticle is important due to three different components: waxes, polysaccharide microfibrils, and cutin (Kerstiens 1996) . The cuticle is an efficient protective barrier because it reduces infection caused by pathogens and acts by controlling ions and nutrient losses (Guhling et al. 2005) . Moreover, it acts against environmental stresses, including drought and high irradiance, by reducing water loss through the epidermis (Riederer and Schreiber 2001) .
Among cuticle wax layers, epicuticular waxes (EW) are the last interface between leaf and atmosphere. Thus, it is important for physiology and ecology of plants (Figueiredo et al. 2012 (Figueiredo et al. , 2015 Medeiros et al. 2017) . The EW controls diffusion and reflection, and makes tolerable a radiation intensity reaching active photosystems in the mesophyll (Riederer 2006) .
Cuticle can play a decisive protective role for the photosynthetic apparatus under environments with limited water availability and radiation intensity; it justifies studies under field conditions on native plants from SDTF (Medeiros et al. 2017) . In semiarid environments, if forecasts of longer droughts and even higher average temperatures are confirmed (IPCC 2013) , the ability to tolerate water deficit is fundamental for plant survival (Santos et al. 2014 ). However, effects of possible changes tend to be even more intense for evergreen woody species (Santos et al. 2014) . Indeed, among traits supporting species survival, 69% are explained by the deciduousness.
On the other hand, among evergreens, the stem density can explain 20% survival (Poorter and Markesteijn 2008) .
Low water availability and high radiation, the typical semiarid abiotic factors, lead to changes in the foliar anatomy, reduced photochemical activity, and increased photoprotection mechanisms of photosynthetic machinery (Oliveira et al. 2017) . Thus, gas exchange is affected by reducing stomatal conductance and consequently the net CO2 assimilation (Chaves et al. 2016) . Furthermore, one expects imbalance in leaf biochemical metabolism, especially of sugars (Oliveira et al. 2017) .
This study aimed to evaluate the role of foliar EW in the maintenance of photosynthesis and metabolism under the influence of water availability in semiarid field conditions. A tropical evergreen species, Cynophalla flexuosa, was studied. Our hypothesis was that EW shows intense dynamism in composition and content depending on changes in environment and water availability in order to protect the leaf metabolism and to control water loss by the epidermis.
Materials and methods
Plant material and study site: The evergreen woody species Cynophalla flexuosa (L.) J. Presl. (Capparaceae) was studied. It is native to Brazil and has arboreal growth habit. The study was carried out in a semiarid region of northeast Brazil (7°95'37"S, 38º29'72"W; 511 m a.s.l.) in an open SDTF area. According to Köeppen classification, the climate is Bsh type with rainy season from January to May, and dry season from June to December, with rarely rain events and average annual rainfall of around 750 mm. Litosolic Neosols and Luvisols are predominant in the area.
At the beginning of the study, ten adult individuals approximately 3-m high and located in the same soil type were identified. Samplings were performed in July and December 2014, and February 2015, in order to evaluate different periods. Thus, measurements were planned to occur in the reference periods of high (HWB), middle (MWB), and low (LWB) soil water balance according to the historical series of precipitation (Fig. 1A,B) .
Leaves were fully expanded and matured, and two formats were determined: intact -without any epicuticular wax removal (total wax) -and with epicuticular wax removed mechanically keeping only intracuticular wax (intracuticular wax). Both were side by side located in the same branch but at opposite sides.
Soil humidity, water balance and xylem water potential (Ψx): Samples were collected to measure soil moisture at a depth of 30 cm. The soil was weighed when wet and then heated at 60°C until reaching constant mass. The moisture was calculated by the difference between the masses. The water balance was measured using the ETP methodology according to the spreadsheet provided by Rolim et al. (1998) . The environmental data on rainfall and temperature were consulted on the Agronomic Institute of Pernambuco (IPA) and Agritempo websites, respectively.
The xylem water potential (ψx) was measured to verify the shoot water status through the Schölander pressure chamber (PMS Instrument Company, USA Model 600D-OR, USA) in three plants per treatment during the day at the following times: 4:00, 10:00, 13:00, 16:00, and 18:00 h.
Leaves with epicuticular wax removed:
The leaves with EW removed (-EW; intra-wax leaves) were analyzed with Arabic gum (Sigma-Aldrich, France) solution (1.5 g mL -1 ) which was applied on ten fully expanded and mature leaves from different branches. A thin solution layer was applied with the aid of a brush to the most sun-exposed leaf side (adaxial face) in a ratio of 0.1 mL cm -2 . After complete drying (at least 1 h), the gum was removed according to the methodology proposed by Jetter and Schäffer (2001) . The (2009) (2010) (2011) (2012) (2013) (2014) (2015) and precipitation during the year of study at the municipality of Serra Talhada, PE, Brazil; (B) soil water balance (SWB) between January 2014 and February 2015; (C) vapor pressure deficit (VPD), and (D) photosynthetical photon flux density (PPFD) in the period of the experiment with Cynophalla flexuosa throughout the day and during different soil water balance levels: HWB (high water balance), MWB (middle water balance), and LWB (low water balance). gas exchange and the chlorophyll (Chl) a fluorescence were measured 48 h after EW removal from the leaves.
Gas exchange:
The net CO2 assimilation (PN), stomatal conductance (gs), and transpiration rate (E) were measured with the infrared gas analyzer (IRGA) (LCi model, ADC, Hoddesdon, UK) on leaves completely expanded and the same branch for the two treatments. The intrinsic wateruse efficiency (WUEi) was obtained from the ratio of PN/gs. Measurements were taken from four individuals of C. flexuosa during one day of each month within the period of local sunlight with intervals of two hours starting at 06:00 h and ending at 18:00 h. The leaf temperature was measured with infrared thermometer (ST-600, Incoterm, China) placed at 0.3 m from each leaf used to the gasexchange measurements.
Chl a fluorescence: The Chl a fluorescence were analyzed in fully expanded and healthy leaves, one leaf per treatment (total wax and intracuticular wax, C vs. -EW), with the aid of fluorometer (FluorPen FP100, Photon Systems Instruments, Czech Republic). Chl a fluorescence was obtained after covering leaves with dark clip for a 30-min period. The operational efficiency parameters of PSII (ΦPSII), maximum quantum efficiency of PSII (Fv/Fm), photochemical quenching (qP), nonphotochemical quenching (NPQ), and electron transport rate (ETR) were addressed according to Maxwell and Johnson (2000) . Measurements were taken every 2-h intervals at the same time as gas-exchange measurements using leaves at the same branch.
Biochemistry and oxidative stress analyses: Leaves from both treatments were collected at 14:00 h, frozen in liquid nitrogen, and stored in a freezer at -80°C. We determined foliar contents of soluble sugars (SS) (DuBois et al. 1956 ), fractionated sugars (sucrose and fructose) (Handel 1968 , Foreman et al. 1973 , total free amino acids (FA) (Moore and Stein 1954) , proline (Bates et al. 1973) , total soluble proteins (TP) (Bradford 1976) , Chl a and Chl b, and carotenoids (Car) (Lichtenthaler 1987) . The leaf extract was obtained using 80% ethanol (Robbins and Pharr 1988, Trethewey et al. 1998) for analysis of soluble sugars, sucrose, fructose, and amino acids. The anhydride glucose (180 μg mL -1 ) was used for standard curve at absorbance of 490 nm (Geneses 10S UV-VIS, Thermo Scientific, USA).
The main compounds of the antioxidative cycle in leaves used as control and those without EW were analyzed to determine the enzymatic activity of superoxide dismutase (SOD, EC 1.15.1.1), ascorbate peroxidase (APX, EC 1.11.1.11), and catalase (CAT, EC 1.11.1.6) from 50 mg of leaf tissue. The buffer with 100 mM K-phosphate, 0.1 mM EDTA, 5 mM dithiothreitol, 10 mM 2-mercaptoethanol, 0.1 % (v/v) Triton X-100, and 30% polyvinylpyrrolidone was used to measure the activity of SOD. Thus, the SOD activity was determined by measuring inhibition of the photochemical reduction of nitroblue tetrazolium at 560 nm (Giannopolitis and Reis 1977) . The reaction mixture of 3 mL consisted of 75 µmol NBT, 2 µmol riboflavin, 0.013 mol of methionine, 0. at the surface of the reaction tube. The reaction started by switching on the light for 10 min. After that, the light was switched off in order to terminate the reaction, and the absorbance at 560 nm was recorded. A non-irradiated reaction mixture, which did not develop any color, served as the control, and its absorbance was subtracted from the sample absorbance measurements. One unit of SOD activity was defined as the amount of enzyme that resulted in 50 % inhibition in the rate of NBT reduction. The extraction buffer for CAT and APX contained 100 mM K-phosphate, 2 mM EDTA, 20 mM ascorbic acid, and 30% polyvinyl-pyrrolidone. Activity of CAT was estimated by measuring the decomposition rate of H2O2 at 240 nm using an extinction coefficient of 36 mM cm -1 (Havir and McHalle 1987) . APX activity was determined by reducing H2O2 to water with ascorbate as reducing agent and by monitoring the decrease in absorbance at 290 nm. Thus, the enzyme activity was calculated using the extinction coefficient of 2.8 mM cm -1 (Nakano and Asada 1981) . Finally, the unit of CAT or APX was defined as the amount of enzyme requisite to oxidize 1 µmol of H2O2 or ascorbate per min calculated per protein. The accumulation of malondialdehyde, MDA), the reactive oxygen species (ROS), and H2O2 were determined in the leaf following the methodology described by Cakmak and Horst (1991) and Alixieva et al. (2001) , respectively, to verify the plasma membrane lipid peroxidation. The molar extinction coefficient (155 mM cm -1 ) was used to calculate the MDA concentration. For all analyzes UV-Vis spectrophotometer (Genesys 10s, Thermo Scientific, USA) adjusted to each organic compound at specific wavelengths.
Extraction and chromatographic analysis of epicuticular wax: Leaves were subjected to three successive extractions of total wax with chloroform for 30 s on a delimited area of 1.13 cm². Prior to GC analysis, a defined amount of n-tetracosane was added to the extract which was derived prior with BSTFA [N,Obis(trimethylsilyl) trifluoroacetamide] in pyridine (70°C for 30 min). The quantitative analysis was recorded using gas chromatograph (Shimadzu GC-17A, Kyoto, Japan) equipped with DB-5 capillary column (30 m × 0.25 mm × 0.25 μm, J&W Scientific, Folsom, CA, USA). Helium was a carrier gas at constant flow of 1 mL min -1 and a 1:39 split. The initial temperature was 150°C during 3 min, increased 10°C min -1 up to 280°C, and maintained for 30 min. The injector and detector temperature was 250 and 290°C, respectively. The relative percentage of individual components was expressed as percent peak area relative to the total peak area. Compounds identification was performed by GC coupled to a mass spectrometer (GC/MS Agilent 6859/5975B) using Agilent J&W DB-5HT capillary column (3.0 m × 0.32 mm × 0.10 µm) and helium as a carrier gas for 1.5 mL min -1 . The temperature was 100°C during 3 min, increasing 5°C min -1 up to 320°C, and maintained for 8 min. Split-less injection was used. The injector, transfer line, quadrupole, and ion source temperatures were set at 300, 320, 150, and 230°C, respectively. MS detection was performed with electron ionization (EI) at 70 eV operating in the full-scan acquisition mode in the 40-800 m/z range. Peaks were identified by comparison with standard mass spectrum and compounds of Wiley 229 (Wiley, USA) and NIST 08 (NIST, USA) databases. The mean EW content was calculated by the ratio between EW obtained (μg) and leaf area (cm 2 ) and expressed as μg cm -2 . Leaves analyzed for intracuticular wax were first submitted to the extraction method performed with Arabic gum. After removing the epicuticular layer, the same procedure previously mentioned for chemical extraction using solvent was performed.
Anatomical analyses: Two recent and mature leaves were collected at same time when other measures were performed. Samples collected were fixed in FAA50 -formaldehyde, acetic acid, 50% ethanol, in the ratio of 1:1:18, respectively, for 72 h, and then transferred to 70% ethanol for preservation. Optical microscopy (MO) was divided in two steps: transverse sectioning and dissociation. For transverse sectioning, samples were submitted to a series of tertiary ethanol-butanol dehydration (50 to 100%) and transferred to pure butanol (overnight). After this step, was carried out the infiltration and inclusion in paraffin in butanol-paraffin series (3:1, 1:1, 1:3) and then transferred to pure paraffin with 2-3 more exchanges. Samples were cut to 10-μm thick sections on the Zeiss rotary microtome model HYRAX M55 (Germany), thereafter cut material were fixed to slides. Sections were dewaxed and stained in a dual coloration composed of Alcian blue and safranin, and placed on permanent slides with Canadian balsam (Purvis et al. 1964) . The dissociation was performed with a solution of Franklin-hydrogen peroxide and acetic acid (1:1) to analyze the leaf surface (Franklin 1945) . Subsequently, samples were stained with 1% safranin and prepared on semipermanent slides with 50% glycerin (Purvis et al. 1964) .
Observations and records of the material were performed under a Leica microscope model DM500 (Germany). Micromorphometric analyzes were performed from images: mesophyll thickness (and their parenchyma), abaxial and adaxial epidermis thickness, and total leaf thickness; stomata were counted to determine stomatal density by area (0.5 mm 2 ) as described in detail by Oliveira et al. (2017) .
Statistical analyses:
We performed analysis of variance (ANOVA) of repeated measures for gas-exchange data, Chl a fluorescence, xylem water potential, and leaf temperature. Factorial ANOVA was used for biochemical, epicuticular wax, and anatomy data. As categorical variables, we used leaf treatments (total wax and intracuticular wax) and soil water balance levels (high, middle, and low). Moreover, for anatomical parameters, the categorical variables it was adaxial and abaxial faces of the leaf and soil water balance levels (high, middle, and low). Student's and Newman Keul's test at 5% probability was used when differences were detected, both tests using STATISTICA 8.0 software (Statsoft Inc., Tulsa, USA).
Results
Environmental conditions: With rainfall even more irregular than the average, the soil water balance was negative throughout the study period (Fig. 1A) , characterizing water deficiency. Despite total precipitation being approximately 630 mm between January 2014 and February 2015, the distribution of rainfall events was irregular. This was reflected in the soil water balance: HWB = -20 mm, MWB = -110 mm, and LWB = -160 mm (Fig. 1B) .
Xylem water potential (Ψx), foliar transpiration and temperature: The VPD (Fig. 1C ) changed leaf temperature (Fig. 2C) ; the highest temperature was between 12:00 and 16:00 h. The Ψx at the beginning of the day was approximately -1.5 MPa. Plants were able to reach up to -4.3 MPa at the time of the highest VPD around 13:00 h ( Fig. 2A) , always recovering initial values in the late afternoon. Plants transpiration also accompanied the peaks of higher VPD and corroborated the low Ψx (Fig. 2B ).
Epicuticular wax (EW) characteristics and content:
The EW of C. flexuosa was morphologically characterized as a crust. The total amount of wax varied from 53 to Fig. 2 . Xylem water potential (ψx) (A); leaf transpiration rate (E) (B), and leaf temperature (C) of Cynophalla flexuosa throughout the day and during different levels of soil water balance: HWB (high water balance), MWB (middle water balance), and LWB (low water balance) in leaves with the total wax (total wax) and in leaves that had epicuticular wax removed (intra wax). Different letters indicate differences between averages, one asterisk indicates differences between water balance levels, two asterisks indicate difference between treatments by the NewmanKeuls test (p<0.05) (n = 4 ± SE). 70 μg cm -2 . LWB period had the higher cuticle wax content, followed by HWB and MWB, which did not differ from each other (Table 1) . On the other hand, the EW content in leaves with Arabic gum application (intra wax leaves) was between 15 to 19% lesser than that of the control. Changes in the EW concentration at leaf adaxial surface were 24% between LWB and other periods. Components found in the C. flexuosa EW were n-alkanes (17.2%), including heptacosane, nonacosane, hentriacontane, and tritriacontane; fatty acid (1.8%) octa decanoic; and the triterpenoids (81%), such as: lupeol, α-amyrin, β-amyrim, lepenon, and betulin (Table 1) . Predominant compounds were triterpenoids, lupeol, and betulin, accounting for more than 50% of C. flexuosa wax. Among the three periods, leaves during LWB exhibited more n-alkanes and fatty acid and less triterpenes than the others.
Gas exchange and Chl a fluorescence: Gas exchange varied according to the environmental water availability during the day (Fig. 3A,B) . The highest gs and PN values occurred during the HWB period, without declining under the highest VPD around midday, regardless of the treatments. Leaf WUEi values were high during all study periods, regardless of the treatment (Fig. 3C) .
The values of Fv/Fm were always in the range of 0.7-0.8 (Fig. 4A) , which indicates absence of damage to the photosynthetic machinery during the study period in both treatments. The EW removed caused changes in the photochemical activity around midday, between 10:00 to 14:00 h in both treatments (Fig. 4B,D) . The ΦPSII values were higher in MWB when compared to the other periods (Fig. 4B) . At the end of the day around 18:00 h, all reaction centers recovery showed initial values in the three analyzed periods. In MWB, qP values also remained higher than that in the other periods (Fig. 4C) . The NPQ was higher in HWB at 8:00, 10:00, and 16:00 h, except at 14:00 h, where the highest rate was in LWB (Fig. 4D) . As for ETR, MWB showed the lowest values in both treatments and the total wax leaves of LWB was higher when compared to others periods (Fig. 4E ).
Biochemistry and antioxidative foliar metabolism:
The SS leaf content in HWB showed a higher concentration of total wax leaves (Fig. 5A) . When fractionated into sucrose and fructose, these sugars were not different between treatments or periods (Fig. 5B,C) as well as proteins (Fig. 5D ). The FA (Fig. 5E ) also did not differ, except in MWB, where it was more concentrated in intrawax leaves. The proline content differed between periods, showing an expressive increase during LWB, similar to the other treatments (Fig. 5F ). The photosynthetic pigments analyzed did not change significantly between treatments or among periods (data not shown). Table 1 . Epicuticular wax content (μg cm²) in leaves with total wax (wax) and wax removed (intra wax) from Cynophalla flexuosa collected at different levels of epicuticular wax from the adaxial surface of leaves. HWB (soil high water balance), MWB (soil middle water balance) and LWB (soil low water balance) under a seasonally dry tropical forest conditions. Different letters indicate differences between the means by the Newman-Keuls test (p<0.05) (n = 4 ± SE). (PN; B) , and intrinsic water-use efficiency (WUEi; C) of Cynophalla flexuosa throughout the day and during different soil water balance levels: HWB (high water balance), MWB (middle water balance), and LWB (low water balance) in leaves with total wax (total wax) and in leaves that had epicuticular wax removed (intra wax). * -differences between soil water balance levels, ** -difference between leaf treatments by the Newman-Keuls test (p<0.05) (n = 4 ± SE).
Changes in the antioxidative system can be seen in the SOD activity, which was higher in HWB and did not differ between treatments (Fig. 6A ). CAT and APX values showed greater activity in LWB, followed by MWB and HWB, which differed from each other (Fig. 6B,C) . No significant difference was found for H2O2, MDA between periods or between treatments (Fig. 6D,E ).
Foliar anatomy: C. flexuosa is amphistomatous species (stomata on both abaxial and adaxial surfaces); therefore, stomata are in a great number at the abaxial face. On the other hand, stomata of the adaxial face are located only on the central vein and in a very low number, not counted in this study. As for stomatal density, the abaxial face is responsible for the large number of stomata per leaf, and leaves collected in the HWB period had the highest number of stomata per area ( Table 2) . Concerning of epidermal thickness, the adaxial face was larger and did not differ between periods. For cuticle, the result was similar except that the adaxial face showed the lowest thickness in MWB when compared to the other periods. The palisade and spongy parenchyma were thicker in leaves collected during the MWB, palisade parenchyma being thicker than spongy, when compared to the other periods. In HWB, spongy parenchyma was thicker and but not differed in the LWB. This increase in the parenchyma thickness in leaves collected during MWB reflected thickening of the mesophyll and consequently total leaf thickness, which was also larger in MWB (Table 2 ).
Discussion
C. flexuosa plants changed foliar photosynthetic metabolism after EW removal, especially around midday. Our data indicate the presence of epicuticular wax on the foliar adaxial surface of this woody evergreen species as a strategy; as well as the stomata location has a specific characteristic. Dataset supports how C. flexuosa is able to maintain the physiological foliar performance, when plants are under severe irregularity of precipitation in Brazilian SDTF. High soil evaporation conditions in recent years have promoted the negative water balance for almost all the time or during the whole year. Thus, the Ψx decreased to around 70% at midday with the highest daily VPD. However, this evergreen can recover predawn values in the late afternoon.
C. flexuosa would be classified as anisohydric. This behavior allows the plant to maintain carbon uptake , and electron transport rate (ETR; E) of Cynophalla flexuosa throughout the day and during different soil water balance levels: HWB (high water balance), MWB (middle water balance), and LWB (low water balance) in leaves with total wax (total wax) and in leaves that had wax epicuticular removed (intra wax). * -differences between soil water balance levels, ** -difference between leaf treatments by the Newman-Keuls test (p<0.05) (n = 4 ± SE). (FA; D) , proline (E); total proteins (TP; F) of Cynophalla flexuosa throughout the day and during different soil water balance levels: HWB (high water balance), MWB (middle water balance), and LWB (low water balance) in leaves with total wax (total wax) and in leaves that had wax epicuticular removed (intra wax). Different letters indicate differences between the means by the Newman-Keuls test (p<0.05) (n = 4 ± SE).
and growth rates even during the drought period. It is an advantage in the presence of high soil moisture because it facilitates the biomass production (Attia et al. 2015) . The so fast water status recovery already late in the afternoon suggests efficient hydraulic conductivity of this evergreen (Skelton et al. 2017) . Thus, the dynamic xylem water potential during the afternoon could be indicative of rapid water conduction and/or deep rooting.
C. flexuosa EW has crustal structure, which is a tolerance trait for arid environments. Crust wax with horizontal plates is more efficient at reflectance of intense radiation compared to vertical forms, such as crystals (Grant 2003) . Previous studies have shown that species under intense radiation may lose EW crystal structure (Mohammadian et al. 2007 , Ni et al. 2014 . Therefore, wax crystals, when present on the leaf surface, could fuse with high UV-B radiation in both adaxial and abaxial surfaces, but the effect is more prominent on the upper surface due to the direct exposure to radiation (Ni et al. 2014) .
Thus, environmental conditions, such as high light intensity, low air humidity, and high temperature seen in the LWB, are factors that justify some types of epicuticular waxes in SDTF regions (Oliveira and Salatino 2000) . In fact, high foliar EW content could have been result of low soil water balance in this period, which had greater deficit around -150 mm (Samdur et al. 2003 , Mohammadian et al. 2007 , Santos et al. 2014 . The 15% EW removed from leaves was sufficient to decrease the gas exchange and Chl a fluorescence. Under LWB these leaves achieved the lowest Ψx after midday. However, there was no damage to the photosynthetic machinery, always maintaining Fv/Fm values between 0.75 and 0.80.
One of the leaf traits, which would help in maintaining the photosynthetic machinery, would be the cuticle and its composition. Thick cuticle is not a support against water loss (Oliveira et al. 2003) . Thus, the chemical wax composition becomes more important than the quantity under severe conditions (Figueiredo et al. 2012) . The n-alkanes found in the C. flexuosa EW are effective as promoters of water impermeability on Caatinga species Salatino 2000, Figueiredo et al. 2012) . The presence of n-alkanes in EW is also an additional trait to support drought tolerance of this species. Indeed, the fatty acid content found also has the role to protect against the transpiration of leaves, but less efficient when compared to alkanes (Oliveira et al. 2003) . The triterpenoids have more compacted molecular geometry and can be found in higher concentrations in intracuticular wax (Racovita and Jetter 2016) . This group has been reported as a protection against herbivores in leaves , being common in deciduous SDTF trees (Medeiros et al. 2017) . In the present study, the presence of the high amount of triterpenoids during HWB and MWB suggests the prevention against herbivores, which is fundamental to protect the leaf area of evergreen species. On the other hand, under LWB, there was a greater investment in n-alkanes and fatty acids, while a decrease of the triterpenes was observed; it indicates that the leaf was prepared to lose the minimum water as possible in periods of severe water deficits.
In LWB, the edaphoclimatic conditions decreased gs values of intra-wax leaves from 30 to 50% at midday with the highest VPD, as seen in woody species by Figueiredo et al. (2012) and Medeiros et al. (2017) both in the Caatinga environment. However, in C. flexuosa, gs and PN daily behavior is typical anisohydric, gas-exchange rates are always maintained to detriment of ψx throughout the day (Guha and Reddy 2014, Roman et al. 2015) . In fact, this species showed a low investment in water loss reduction in EW components during this season. Furthermore, anisohydric behavior may be dangerous for species in years of prolonged drought, due to low water potentials (Tardieu and Simonneau 1998, Roman et al. 2015) . Therefore, wax removal changed leaf behavior throughout the day in the driest period (LWB), although C. flexuosa has shown high resilience in drought tolerance. Thus, it was able to maintain CO2 assimilation at the same time with high WUEi, even under values of 6 kPa VPD.
The Fv/Fm values were always recovered at the end of the sunlight period, even under high radiation, the values were kept around 0.8, indicative of no damage; at same time, ΦPSII and qP decreased during intense PPFD around midday. On the other hand, only when in HWB and high luminous intensity NPQ values increased, however, excess of energy dissipation mechanism efficiency was , and malonidialdehyde (MDA; E) of Cynophalla flexuosa throughout the day and during different soil water balance levels: HWB (high water balance), MWB (middle water balance), and LWB (low water balance) in leaves with total wax (total wax) and in leaves that had wax epicuticular removed (intra wax). Different letters indicate differences between the means by the Newman-Keuls test (p<0.05) (n = 4 ± SE). (Sales et al. 2013) . Under MWB, the highest ETR values in total wax leaves did not lead to the highest PN at same period, although values were higher compared to intra-wax leaves. This excess of electrons may have been sunk in biochemical adjustments, such as higher photorespiration rate and/or proline production. The increased FA content in intra-wax leaves could be related to the leaf antioxidant system , such as happens with proline during LWB. Proline can exert antioxidant function under conditions of water restriction in some species (Liu et al. 2011) . The behavior of this amino acid leads to several questions regarding the role played in foliar metabolism, including native and invasive woody species found under SDTF conditions .
Increased antioxidative enzyme activity is expected in evergreen woody species from semiarid regions during the dry season (Hu et al. 2013) . Thus, CAT and APX enhanced activity during LWB may be due to low xylem water potential in the period in order to prevent and protect leaf tissue against possible oxidative stress (Liu et al. 2011 , Mafakheri et al. 2011 . EW removal did not alter the activity of these enzymes. Thus, low water availability may be responsible for such changes. Oxidative stress and consequent membrane damage seem to be controlled, as suggested by the MDA and H2O2 values. Simultaneously, SOD activity was gradually decreasing with soil water availability. On the other hand, proline values were the highest throughout the study period. The correlation between leaf proline content and SOD activity was significant during MWB, maybe an indication of the antioxidative role of this amino acid (Liu et al. 2011) .
C. flexuosa leaves not only changed biochemical metabolism throughout the seasons, but also performed morphoanatomic adjustments. The low stomata frequency on the adaxial side and exclusively present on the main vein suggests C. flexuosa is functionally hypoestomatic (Torrecilla et al. 2008) . This low stomata number on this face would be leaf protection against excessive water loss and intense radiation during the driest months of the year (Ni et al. 2015) . In fact, the absence of pores along adaxial cuticle would allow the homogenous wax layer formation; therefore, a barrier with greater resistance to water flow. In addition, the maintenance of constant gs values throughout the day may have been influenced by the proximity to the water-conducting vessels, since foliar hydraulic conductivity is one of the main regulators of stomatal behavior (Sack and Scoffoni 2013) .
The most severe conditions were also reflected in the leaf structure. Under MWB, it was thicker and palisade parenchyma larger than spongy. These changes would be common in SDTF conditions, which would increase mesophilic conductance, favoring CO2 assimilation rate (Adachi et al. 2013) . In fact, leaves of woody species showed larger total leaf thickness, the palisade parenchyma being larger and correlated with greater photosynthetic activity (Vemmos et al. 2013) . In the present study, under HWB, C. flexuosa produced thinner leaves with greater intracellular space, due to thicker spongy parenchyma.
Concomitantly, these leaves have higher stomatal density, which could suggest thinner leaves and high-intensity of gas exchange (Hetherington and Woodward 2003) and rapid CO2 assimilation. These leaves would be those that would remain in the rainy season.
In conclusion, our results corroborate the initial hypothesis of epicuticular wax content and composition having great importance and being determinant to physiological traits in this evergreen species. The absence of epicuticular wax in adaxial epidermis slightly changed the primary foliar metabolism throughout the year, as well as morpho-anatomic traits of leaves. Thus, despite the soil water balance variation, C. flexuosa foliar metabolism showed significant resilience. Under the study conditions, this species was anisohydric, the xylem water potential was reduced in the moments of the highest VPD and recovery in the late afternoon, regardless of the period of the year. On the other hand, CO2 assimilation remained stable and high for a tree species, except in the driest period and in leaves without epicuticular wax. Future studies on hydraulic relationships and detailed C. flexuosa hydraulic conduction can help complete understanding of its performance.
